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Dietary habit, blood lipid profile and serum fatty acid composition have been 
described to be associated with cardiovascular diseases. Dietary habits of 
Hong Kong Chinese people are in transition and have wide variations. The 
compositions of serum fatty acid are expected to vary among people 
following different dietary habits. The aims of our study are: firstly, to 
determine the serum fatty acid composition of Hong Kong Chinese people 
and to compare the serum fatty acid compositions in different age and sex 
groups and among populations following different dietary patterns; secondly, 
to investigate the correlation between the serum fatty acids, serum 
cholesterol profile and dietary intakes. 
Subjects and methods: Three populations were chosen and they are 
omnivore adults ( 81 men, 113women), omnivore children (14 boys, 14 girls) 
and vegetarians (including 60 adults with 15 men and 45 women. 21 children 
with 9 boys and 12 girls). They were subjects of conventional studies. With 
sufficient amount of serum left over, their serum fatty acids were assayed. 
Results: In all studied populations, the most abundant serum fatty acid was 
.l inoleic acid (18:2n-6), followed by oleic acid ( 18:1n-9), palmitic acid (16:0) 
and stearic acid (18:0). Arachidonic (20:4n-6), linolenic (18:3n-3), myristic 
xi 
(14:0), eicosapatenoic acid (EPA, 20:5n-3), docosahexaneoic acid (DHA, 
22:6n-3) and other six fatty acids contributed certain amount to the serum 
fatty acids composition. 
In the omnivore adults population, serum 14:0, 16:0 and 18:1n-9 
concentrations were significantly correlated with high TG and VLDL-C levels 
and a low HDL-C level. Serum 18:2n-6, 20:4n-6 correlated negatively with 
TG and VLDL-C, but positively with HDL-C. 
In the omnivore children group, there was no significant difference in serum 
fatty acid composition between boys and girls. However, the r-linolenic acid 
(18:3n-6), 20:5n-3 and 22:6n-3 concentration were significantly higher in the 
non-obese group than in the obese group. The higher triglyceride level in the 
obese children might be associated with the lower serum longer chain 
polyunsaturated (LCP) n-3 fatty acids. However, the small sample size and 
the small age range limited further interpretations. To confirm the relation of 
LCP n-3 fatty acids with body fatness, further investigation needs to be 
carried out. 
In vegetarians, 18:2n-6 level is much higher than that in the omnivores, 
implying a higher intake of vegetable oil in the former. Although 18:3n-3, 
precursor of LCP n-3fatty acids, is also higher in the vegetarians, the LCP n-
xii 
3 fatty acids are lower than in the omnivores. Besides, this study confirmed 
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Introduction and aim of study 
Epidemiological study has revealed a lower coronary heart disease (CHD) 
prevalence among Chinese compared with the Westerners (Chen et al, 
1991; Sun et al, 1997). However, the CHD remained as a major public 
problem in Hong Kong, and counted for 15.6% of all deaths in 1993 (Public 
health report, 1994 Hong Kong). 
It is clear that high concentration oftotal-cholesterol and LDL-cholesterol and 
low concentration of HDL-cholesterol in serum are associated with 
increased risks of CHD (Anderson et al, 1987; Jacobs et al, 1992; Artaud-
Wild et al, 1993). The correlation between dietary fats and atherosclerosis 
was stated by Snapper (1941). Based on his research at Peking Union 
Medical College, Snapper pointed out that high polyunsaturated fatty acids 
and low cholesterol content of the Chinese diet might be responsible for the 
remarkable scarcity of athrosclerosis in China. Further studies suggested 
that a diet rich in fat, particularly in saturated fat or a diet containing a low 
ratio of polyunsaturated to saturated fatty acids (P/S ratio) is considered to 
be one of the risk factors of cardiovascular disease (Keys et al, 1970; 
Kromhout et al, 1988; Blankenhorn et al, 1990; Kinsella et al, 1990; Metz et 
al, 1997)Jt is clear that the amount of saturated fatty acids ingested has an 
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impact on the serum cholesterol. Keyes et al (1965) and Hegsted et al 
(1985) indicated that 14:0 (myristic acid) is the most powerful predictor of 
serum cholesterol concentration. The mechanism whereby 14:0 and 16:0 
fatty acids raise the LDL-cholesterol concentration is not fully understood, 
but it appears to act by suppressing the expression of LDL receptors (Keyes 
et al, 1965: Hegsted et al, 1985; Grundy et al, 1988). As the concentration of 
14:0 is increased, the uptaking of LDL-choleaterol by receptors on peripheral 
tissue cells is down regulated, which results in the accumulation of LDL-
cholesterol in circulation (Spady et al, 1985; Nicolosi et al, 1990). 
Dietary habits of Hong Kong people are in transition, having a wide variation. 
Western culture has distinct influence on Hong Kong people's lifestyle, and 
the current trend towards a western diet has caused changes in their eating 
habit. Some western foods that have higher contents of fat especially 
saturated fat is becoming popular. Vegetarian diet is followed by a minority 
either for their religion practice or for health concerns. These populations 
following different diet would be expected to have different compositions of 
serum fatty acids. However, dietary fat and fatty acids composition estimated 
by the traditional methods, such as dietary questionnaire, dietary recall or 
duplicate meal measurement were either unreliable or too complicated 
(Roshanai et al, 1985; Hunter et al, 1992). On the other hand, serum fatty 
acid composition reflects the quality of dietary fat, can be used as an 
3 
indicator of the type of fat consumed by an individual, and is practical for 
clinical use (Cleland et al, 1992; Lasserre et al, 1985). Furthermore, the 
serum fatty acid composition may be an independent risk factor in CHD as 
well (Miettinen et al, 1992). Therefore, serum fatty acid composition in 
Chinese which have not been reported according to our literature review 
and it is valuable to be investigated. The aims of our study are: firstly, to 
determine the serum fatty acid composition of Hong Kong Chinese people 
and to compare the results in different age and sex groups and among 
populations following different dietary patterns; secondly, to investigate the 
correlation between the serum fatty acids and serum lipid profile and dietary 
data. 
Since omnivore and vegetarian diets are distinctively different. A study using 
both populations would be revealing. Beisdes, within either omnivore or 
vegetarian populations, variation of serum fatty acid composition among 
ages and sexes may also be present. 
A territory wide cardiovascular risk factor study of Hong Kong, was carried 
out in 1995 (Woo et al. 1997). In that study, 1010 people (named as whole 
group; 500 men, 510 women) were randomly recruited by a randomized age 
and sex stratified method. Subjects who consented forjoining the study were 
examined for anthropometric measurement, blood pressure, smoking and 
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drinking habits. Blood sample were taken after an overnight fasting, and 
serum cholesterol profile, glucose tolerance and fibrinogen were studied. An 
interview for eating habit and dietary intake was also arranged for each 
subject. In order to investigate serum fatty acid composition in this 
population, subjects with sufficient serum left over (100 ul) after blood lipids 
examination were selected as the first population in my study, which 
consisted of 81 men and 113 women (e.g., omnivore adults group). Their 
serum fatty acids were assayed, their nutritional intake and blood lipids were 
used for studying their correlations with serum fatty acid composition.* 
The second population was omnivore children. In 1984’ a cohort of 174 full-
term healthy infants was recruited in one of the local baby clinics for the 
longitudinal study on growth and nutrition. They have been followed up 
annually. Anthropometric parameters including body weight, height and 
skinfold thickness have been measured yearly; other parameters like blood 
lipids, body fat distribution and dietary habits were studied at their 5, 7 and 
11 years of age. At the age 11 96 children remained in the study. 50 of them 
consented to have blood lipids examination. Subjects with sufficient serum 
left were further assayed for serum fatty acid composition, and the 
correlation of n-3 fatty acid and body fatness were examined. 
V 
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The third population was vegetarians. A total of 126 subjects aged from 4 to 
56 years were recruited from the local vegetarian societies and religious 
groups by advertising through letters and telephone contacts to the 
respective representatives. Dietary assessment and hematological study 
were carried out. All the vegetarian subjects were Buddhism religion and 
lacto-ovo-vegetarians, who eat no meat but dairy products and eggs. 
Criterion for inclusion was that they should have practiced vegetarian diet for 
at least one year. Among the 126 vegetarians, 81 ( 21 children, 60 adults) 
had their blood lipids and serum fatty acids assayed. Also, comparison of the 





Dietary fat and blood lipids 
Fat and oil are esters of glycerol and three fatty acids (triglycerides). They 
are important in diet as energy sources and as sources of essential fatty 
acids and fat-soluble vitamins, which tend to associate with fats. They also 
contribute satiety, flavor and palatability. Triglyceride molecules can differ 
greatly from one to another in their chemical and physical property 
(Krajcovicova-Kudlackova et al, 1995). 
Dietary triglycerides are derived either from unmodified natural sources 
(animal and plant fats) or industrially modified foods. Dietary fatty acids differ 
considerably in their carbon chain length and number of double bonds 
between carbon atoms. Dietary fatty acids may also differ in the other two 
aspects other than the number of carbon atoms, namely, the number of 
double bonds and the configuration of the double bonds (cis or trans). Fatty 
acids are further categorized by the degree of saturation. Saturated fatty 
acids are mainly from animal and dairy products, while monounsaturated and 
polyunsaturated ones are mainly from vegetable oils. Most natural fats and 
oils have their double bonds in the cis configuration. Such differences of fatty 
acids influence serum fatty acid composition, lipoprotein cholesterol and 
V 
coronary heart disease (Hegsted et al, 1965; Kgawa et al 1982). 
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Saturated fatty acids are straight chain acids of variable carbon chain having 
no double bonds with varying lengths. The fatty acids with 4 or less carbon 
atoms are defined as short chain fatty acids, while fatty acids with 6 to 12 
carbon atoms are defined as medium chain fatty acids, fatty acids with 14 or 
more carbon atoms are defined as long chain fatty acids. It is reported that 
saturated fatty acids with a chain length of 12 to 14 carbon atoms powerfully 
raise total and LDL-cholesterol (Denke et al, 1992; Derr et al, 1993). A major 
source of myristic acid (14:0) is dairy fat, which is rich in western diets 
(Kromhout et al, 1989). Keys and Hegsted (1965) had indicated that 14:0 
was the most atherogenic fatty acid in our diet, followed by 16:0. However, 
Hayes (1995) indicated that 16:0 rich fats can be neutral or cholesterol-
raising depending on the metabolic circumstances (lipoprotein setpoint) of 
the host. In normolipemic individuals with normal lipoprotein metabolism, 
dietary 16:0 typically appears neutral. When lipoprotein metabolism is 
impaired consumption of 16:0 rich fats can contribute to 
hypercholesterolemia. 16:0 is by far the most abundant saturate fatty acids 
in our diet. It occurs in ail kinds of animal fat and in some vegetable oil. 18:0 
is considered as a neutral fatty acid, which exhibits no effect on blood 
cholesterol when consumed in moderate amount (Hegsted et al, 1965; Keys 
et al, 1970; Becker et al, 1983; Hayes et al, 1991; Denke et al, 1992). The 
V 
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most prevalent saturated fatty acids in Chinese diet are palmitic acid (16:0 ) 
and stearic (18:0 ), which are mainly found in meat. 
The predominant monounsaturated fatty acid is oleic acid (18:1n-9 ). Dietary 
oleic acid is mainly from vegetable origin, which has a cholesterol-lowering 
effect without decreasing HDL-cholesterol (Grundy et al, 1987; Baggio et al, 
1998). Its trans isomer is produced during hydrogenation of linoleic (LA, 
18:2n-6) and a-linolenic acids (ALA, 18:3n-3) by the processing in oil-
hardening factories. The monounsaturated trans fatty acid is also formed 
either by bacteria in ruminant animals. High 18:2n-6 containing vegetable 
oils are partially hydrogenated to produce solid and stable fats. Certain types 
of margarine and shortenings are especially high in trans fatty acids. Interest 
in the health effects of these fatty acids has been increased since Mensink 
and Katan (1992) reported that monounsaturated trans fatty acids raise LDL-
cholesterol and lower HDL-cholesterol relative to their cis isomer oleic acid. It 
has been proposed that 18:0, a saturated acid known to be ‘neutral’ in its 
effect on lipoprotein levels, might offer a favorable alternative to trans fatty 
acids for the production of solid and semi-solid fats. 
There are four main classes of polyunsaturates, i.e. n-3, n-6, n-7 and n-9 
,depending on their first double bond located at the 3rd, 6th, 7th or 9th 
^ carbon from the methyl end. The 18:2n-6 and 18:3n-3 are called essential 
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fatty acids because they are precursors of their respective family and cannot 
be generated from the human metabolic system. Therefore, they must be 
obtained in the diet (Gurr et al, 1991). The predominant polyunsaturated fatty 
acid in the diet is 18:2n-6; abundant mainly in the plant oils, while 18:3n-3 is 
also abundant in plant and vegetable leaves and some seed oil such as 
soybean oil. 18:2n-6 and 18:3n-3 can be chain-elongated and desaturated to 
form their corresponding longer chain products. Arachidonic acid (AA, 20:4n-
6) is the major longer chain n-6 polyunsaturated fatty acid (LCP n-6), while 
docosahexaenoic acid (DHA, 22:6n-3) is the major longer chain 
polyunsaturated n-3 polyunsaturated fatty acid (LCP n-3). Besides being the 
end products of 18:3n-3, dietary eicosapatenoic acid (EPA, 20:5n-3) and 
22:6n-3 are mainly from marine source. Animal and human studies have 
demonstrated that a high n-3 fatty acids intake increases the level of these 
fatty acids in blood and platelets leading to reduced platelet aggregability. 
Greenland Eskimos, who purportedly have a low CHD mortality rate, have 
reduced platelet aggregation and increased bleeding times. The alternation 
of platelet function has been attributed to a high intake of marine animals 
and fish that contain abundant n-3 polyunsaturated fatty acids (Kinsella et al, 
1990). Besides the protective effect against CHD and some degenerative 
diseases, LCP-n-3 fatty acids, especially DHA may be important for proper 
functions of the membranes in neuronal tissues such as the retina and the 
brain (Connor et al, 1992). Although these LCP n-3 fatty acids do not share 
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the LDL-lowering effect of 18:2n-6, recent studies have indicated that higher 
LCP n-3 fatty acid intake could lower the triglycerides synthesized in our 
body (Von Lossonczy et al, 1978). Sufficient EPA and DHA intake may 
protect people from hypertriglyceridemia (Austin et al, 1991; Cleland et al, 
1992; Conquer et al, 1997). 
18:2n-6 and longer chain n-6 fatty acid, 20:4n-6 may have several different 
functions in human body. 18:2n-6 has an essential function in maintaining 
the integrity of the epidermal water permeability barrier, thereby preventing 
excessive water loss. Early in the 1950s, the serum-cholesterol-lowering 
effects of PUFAs were discovered by Keys. Epidemiological and human 
experimental studies showed that, n-6 polyunsaturated fatty acids lowers the 
concentration of LDL-cholesterol, and produce the highest ratio of HLD-
cholesterol to LDL-cholesterol. Furthermore, n-6 fatty acids are precursors 
for prostaglandin and leukotrienes, and as a result, they have many 
important biological functions. 
The majority of dietary fat is ingested in the form of triglycerides ( 90-95% )’ 
the others include small amount of cholesterol, cholesterol esters, 
phospholipids, mono and diglycerides. Triglycerides is hydrolyzed in the 
.intestinal lumen by pancreatic lipase to form 2-monoglyceride and fatty acid. 
cholesterol ester is hydrolyzed in the lumen to form free cholesterol and 
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phospholipid and is digested to form lysophosphatidylcholine and fatty acid. 
These lipid digestion products then undergo micellar solubilization in the 
presence of bile salts, and then absorbed by the enterocytes passively. 
These metabolites are subsequently reacylated to form triglyceride, 
cholesterol ester and phosphatidylcholine. These complex lipids are then 
processed in the endoplasmic recticulum as lipid droplets stabilized by the 
phospholipid and protein coat on the surface. The droplets then travel to the 
Golgi apparatus, where the prechylomicron undergoes modification. The 
terminal glycosylation contains apoprotein A-l, A-IV and B, afterwards they 
are secreted into the lymphatics as chylomicrons. During the transport, 
chylomicrons are lipolyzed in loss of triglyceride, phospholipid and 
cholesterol. The chylomicron remnants is then cleared by the liver. Therefore 
the chylomicron are the major transport form of exogenous (dietary) fat as an 
energy source or stored. After an overnight fast, the chylomicrons are 
cleared by human body. 
All lipids in blood are packaged into lipoproteins for transportation, except 
the free fatty acids which circulate in the blood stream in association with 
albumin. The lipoproteins are composed of a non-polar core of triglyceride 
and cholesteryl ester surrounded by cholesterol with an outer layer of 
.hydrophilic protein and phospholipid. Differences in density, composition and 
electrophoretic mobility have been used to divide lipoproteins into five major 
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classes as described in Table 2.1. As have been said, the very low density 
lipoprotein (VLDL) is the principal transport form of endogenous triglyceride 
which serve also as an energy source or stored. The liver, adipose tissue 
and mammary gland are the major organs for the endogenous fat synthesis. 
The other lipoprotein in blood include low density lipoprotein (LDL) which are 
the principal carrier of cholesterol, mainly in the form of cholesterol ester. 
The lipoprotein in LDL are mainly apoprotein B, which carries the cholesterol 
to peripheral tissue where specific apo-B LDL-receptors exist on the cell 
membranes. LDL receptors are saturable and subject to down regulation by 
an increase in intracellular cholesterol. Macrophages derived from circulation 
can take up LDL by a nonreceptor mediated process. This process occurs at 
normal LDL concentration but is enhanced when LDL concentration are 
increased to form the ‘foam cells', which was named the classic components 
of atheromatous plagues. This uncontrolled uptake of cholesterol is thought 
to be a factor of importance in the pathogenesis of atherosclerosis. In human 
neonates, plasma LDL concentrations are much lower than in adults and 
cellular cholesterol uptake is probably all receptor-mediated and controlled 
(Fig2.1). 
High density lipoprotein (HDL) is a source of apoprotein for chylomicron and 
VLDL. It mediates reverse cholesterol transport, taking up from senescent 
ceils and other lipoproteins and transferring it to the liver. Cholesterol is 
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excreted by the liver in the bile, as cholesterol or bile acids (Feher et al, 
1991 Thompson et al, 1989). 
The fat synthesis (lipogenesis) and breakdown (lipolysis) take place 
continuously in our body. If dietary intake of carbohydrate, protein and fat 
exceeds the body's energy requirements, they are stored as triglycerides in 
the liver and adipose tissue. The main sites of triglyceride synthesis are liver, 
adipose tissue and the intestinal mucosa. The fatty acids for lipogenesis are 
derived from the hydrolysis of fats and also from the synthesis of acetyl CoA 
through the oxidation of fats, glucose and some amino acids. 
The chief sources of dietary fat are vegetable oils, butter, margarine, 
shortening, lard, milk, cream, cheese, eggs, fish and meat. The main 
sources of dietary fat of Hong Kong people are vegetable oils, meat, eggs 
and fish. Approximately 25 to 30% of the energy content of diets of Hong 
Kong people is contributed by fat (Leung et al, 1997). It is much higher in 
the affluent Western societies. For example, 38% of the energy content of 
American diet is from fat, which is mainly from butter, margarine, shortening, 
lard, milk, cream, cheese and meat (Stephen et al, 1990). Such a high intake 
of dietary fat is considered not good for health. The general consensus 
among nutritionists is that calorie from fat should be maintained at a level of 
less than 30% of energy intake, equally divided among saturated, 
14 
polyunsaturated and monounsaturated fats. The aim is to maintain moderate 
dietary fat intake while providing an adequate intake of the essential fatty 
acids. An adequate intake of essential fatty acids is believed to be 3% of 




Literature review of serum fatty acids studies 
Most of the fatty acids found in living tissues have even numbers of carbon 
atoms. Table 3.1 lists the common fatty acids. Complex lipids (phospholipids, 
acyglycerols and cholesterol esters) contain mixtures of esterified fatty acids, 
both saturated and unsaturated. These may be released by saponification 
for analytical purposes. It is well known that chromatography was introduced 
by Tswett in 1906. The technique was utilized by Kuhn, Winterstein, and 
Lederer in 1931. The introduction of gas chromatography (GC) by Janmes 
and Martin in 1952 was one of the most revolutionary events to occur in the 
field of analytical chemistry, which has allowed people to isolate and identify 
tremendous numbers of unknown compounds. 
Analysis of lipids has been one of the most difficult processes in both 
chemical and biological research. It is particularly difficult to separate a lipid 
from a mixture because it is soluble in most organic solvents. GC and High-
performance liquid chromatography (HPLC) can separate most fatty 
samples, conventional column chromatography and thin layer 
chromatography (TLC) are important and powerful methods of preparation of 
samples for analysis. Derivatization techniques are often required to analyze 
V 
lipids by GC, whereas most lipids can be determined without derivatization 
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by HPLC. On the other hand, GC has higher sensitivity and higher resolution 
than does HPLC. The methyl esters of fatty acids can be separated by TLC 
or gas-liquid chromatography (GLC) or HPLC. 
Thin layer chromatography (TLC) is a partition chromatography employing a 
stationary phase of water bound to cellulose in the form of sheets of paper or 
thin layers of particles adhering to a thin plate of glass or other flat insert 
material. The mobile phase in these systems is less polar than water and 
flows up or down the sheet or layer by capillary, usually for a predetermined 
distance. TLC will separate the methyl esters of fatty acids according to their 
degree of unsaturation. The convenience and relatively low cost of TLC is 
sometimes preferred for qualitative analysis. However, TLC is often used for 
qualitative rather than quantitative assessment of separations as it is more 
difficult to achieve high accuracy and good reproducibility with it than with 
solutions eluted from chromatographic columns. 
Gas-liquid chromatography (GLC) involves the separation of volatilized 
components of mixture as they passed on a stream of inert carrier gas 
(mobile phase) over a layer of nonvolatile liquid (stationary phase) coated on 
a solid support, usually of small particles, packed in column (Fig 3.1). 
Characteristics of the compounds which influence particularly their 
separation are their relative volatility and solubility in the stationary phase. 
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Samples are usually injected as solutes in a volatile organic solvent directly 
on to the column preset at a temperature high enough to volatile solvent and 
samples. The flow of carrier gas removes the more volatile solvent as vapor 
rapidly down the column. The less volatile solutes are retained by the 
stationary phase to different extents and so move along the column at 
different rates to be eluted from the column at different times. GLC can only 
be used to separate and assay lipids that are volatile or can readily, 
preferably quantitatively, be converted to a derivative which is volatile at 
temperature below 350° C. Therefore, methylation of fatty acids are needed. 
Fatty acid methyl esters can be separated by HPLC. This can be either by 
absorption chromatography using silica with relatively nonpolar solvents, or 
as reversed phase HPLC where the column has long hydrocarbon chains 
and more polar solvents are used for elution. Classical on-line HPLC 
detection methods are not very satisfactory, so that GLC is the method of 
choice. 
Fatty acids in serum are from triglycerides (TG), phospholipids, cholesterol 
ester and free fatty acids (Ball et al, 1994). In the plasma, triglycerides are 
transported within the core of lipoproteins. As its name indicated, triglyceride 
.contains three fatty acids. A second major fatty acids-containing lipid is 
’phospholipid (PL), which contains two fatty acids in each molecular. The 
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third fatty acid-containing lipid is cholesterol ester, which is composed of 
molecules of cholesterol esterified with a fatty acid. 
Different fractions from blood lipids or the total lipids were used to express 
blood fatty acid composition. Determination of fatty acid profile extracted 
from total lipids was simple, but may not completely reflect fatty acid 
composition of dietary fat. Study of fatty acid profile from different fractions 
of blood lipids was time consuming and expensive, but it could reflect more 
precisely the fatty acid composition of diet (Dyersberg et al, 1975). Studies 
have indicated that the fatty acids in TG reflect the fatty acid composition of 
the last few meals, and therefore appear to be the best reflector of dietary 
polyunsaturated and saturated fat. Fatty acids in cholesterol ester reflect the 
dietary intake of the proceeding weeks or months, it is fairly insensitive to the 
day to day variation in diet. However, the fatty acid pattern of serum 
phospholipid reflects essential fatty acids (EFA) status most clearly (Holman 
et al, 1978). 
The human body can synthesize 14:0, 16:0, 18:0 18:1n-9, and convert 
18:2n-6 and 18:3n-3 to 20:4n-6, 20:5n-3 and 22:6n-3. Primarily palmitate 
(16:0) is the major end product in human body (Smith et al, 1994). 
V 
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Although the composition of each fatty acid in different studies of different 
nations is different, the main fatty acids found in plasma or serum in either 
the free or esterified forms are: 14:0, 16:0, 16:1n-1, 18:0, 18:1n-9, 18:2n-6, 
18:3n-3, 20:4n-6, 20:5n-3 and 22:6n-3 (Holman et al, 1979; Krajcovicova-
Kudlackoova et al, 1994; Nakamura et al, 1995). 
It is supposed that serum fatty acid composition could reflect dietary fat 
intake, which then affect blood lipids metabolism (Nagaya et al, 1994; 
Toussant et al, 1981). Studies have proved that the fatty acid composition 
and distribution of lipids to blood components are markedly influenced by the 
fatty acid from diet, and serum cholesterol concentration could be modified 
by the composition of dietary fat (Keys et al, 1965). However, fatty acids 
from diet can vary in a large range but serum fatty acids would not, because 
of the metabolic balance function of human body (Lopes et al, 1991). 
As a matter of fact, the composition of dietary fat are often described in the 
term of P:S ratio, which is the proportion of polyunsaturated with saturated 
fatty acids contained in the diet, and it relates more strongly with blood 
cholesterol index and serum fatty acids profile. For changes in dietary fat 
type to be totally reflected in the fatty acid pattern, sufficient duration on the 
• assigned diet is needed for inducing changes in the serum (Lasserre et al, 
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1985). Fatty acids in serum were composed of fatty acids from dietary fat 
and from lipogenesis endogenously. 
Alternation in the fatty acids composition as induced by changing of the P:S 
ratio in the diet, were predominantly seen in the linoleic and oleic acid 
content. The contents of these two fatty acids always change in the opposite 
direction. Serum oleic acid level was found significantly correlated with 
serum triglycerides, which indicated that the oleic acid in serum is 
synthesized endogeniousely. Besides, the dietary P:S ratio had highly 
significant positive correlation with linoleic and total n-6 but negative with 
saturated, monounsaturated and n-3 fatty acids. The fish oil intake is 
mirrored in all serum fraction. Although it could be a metabolite of ALA 
endogenously, the C20 and C22 PUFA pools are enriched by dietary intake of 
those LCP n-3 fatty acids (Lee et al, 1985). But the intake of 
monounsaturated fat is poorly reflected in all serum lipid fraction. In general, 
the n-6 acids are metabolically derived from the essential fatty acid, 9,12-
octadecadiennoic acid (18:2n-6). The n-3 acids are metabolically derived 
from dietary 9,12,15-octadecadienoic acid (18:3n-3). The n-9 acids are 
endogenously derived from oleic acid which is synthesized in human body ( 
Holman et al, 1979). The higher serum LCP omega-3 fatty acids 
• concentration have been reported to be associated with the lower CHD rate 
among Japanese and Eskimos (Dyerberg et al, 1975; Kagawa et al, 1982). 
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A significantly negative correlation was noted between the total cholesterol 
level and serum linoleic acid or arachidonic acid (Hrebicek et al, 1995). The 
serum triglyceride level was found to be significantly negative correlated with 
each polyunsaturated fatty acid as well. A significantly positive correlation 
was noted between the HDL-cholesterol level and n-6 or n-3 fatty acids 
(Nakamura et al, 1995). 
Some studies on different age range in both sex had shown that age, sex 
and degree of puberty had no dependent effect on fatty acid composition 
after adjusted for the effect of P:S ratio (Holman et al, 1978). Changes in 
fatty acid profile were suggested due to different dietary fat consumption 
between generations (Nakamura et ai, 1995). On contrary, other studies 
showed that there are some small but significant differences of fatty acid 
composition in different sex and age groups (Holman et al, 1979). Definitely, 
some diseases that can affect the metabolic system can affect the fatty acid 
composition (Hrebicek et al, 1995), which is beyond the scope of this thesis. 
There were limited number of studies on the vegetarians compared with the 
omnivore controls. The vegetarian diet contains equal amounts of total fat 
but more monounsaturated and polyunsaturated and less saturated fatty 
acids, in comparison with the mixed diet of the omnivore. When compared to 
non-vegetarians, lower incidence of obesity, lower levels of cholesterol, LDL 
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cholesterol, atherogenic index and a higher plasma content of 
polyunsaturated fatty acids and a higher 18:2/18:1 ratio were all favorable 
consequences of vegetarianism with respect to atherosclerosis prevention 
(Krajaovicova-Kudlackova et al, 1994). The proportion of linolenic acid was 
greater in all lipid fractions in vegetarians. The greater n-6 serum fatty acids 
composition in the vegetarian with exception of arachidonic acid levels 
implied the high intake of vegetable oil and lack of animal products. It is 
known that the competition of the n-6 and n-3 series for the chain elongation 
and desaturation occur when the ratio of 18:2n-6/18:3n-3 in diet changes 
(Sanders et al, 1978). Therefore, chain elongation and desaturation of 18:3n-
3 might be strongly suppressed when higher 18:2n-6 is consumed. In 
addition, lack of intake of fish which is a direct source of longer chain n-3 
fatty acids, may explain the lower proportion of serum longer chain n-3 fatty 
acids mainly including EPA and DHA in the vegetarian group. Chronic 
avoidance of animal fat and tissue resulted in partial or complete 
arachidonate restriction. Studies have indicated that dietary arachidonic acid 
enriches its circulating pool in human. It has been reported that vegetarians 
have higher concentrations of 18:2n-6 and 18:3n-3 but lower concentration 
of their metabolites 20:4n-6, 20:5n-3 and 22:6n-3 in Germany and Tanzania 
(Krajaovicova-Kudlackova et ai, 1996; Pauletto et al, 1996). Vegetarians 
must rely mainly on endogenous production of 20:5n-3 and 22:6n-3 from Cig 
precursor to meet their needs for these fatty acids (Phinney et al, 1990). 
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A higher intake of carbohydrate may play a role in increasing the blood 
triglycerides (Waddell et al, 1973; Harris et al 1984) and this effect can be 
prevented by the adequate intake of fish oil (Harris et al, 1984). In 
vegetarians, low serum EPA and DHA may be inversely associated with a 
higher triglyceride concentration. The lower EPA and DHA intake and serum 
concentration may limit the benefit of vegetarian diet (Harris et al, 1984; 




Subjects and Methods 
Subjects 
Three groups of population were studied: the omnivore adults, the omnivore 
children, the vegetarian adults and children. 
The omnivore adults 
194 subjects (81 men and 113 women) aged 25-70 were chosen for the 
assay of serum fatty acids from a territory wide cardiovascular risk factor 
study of Hong Kong, which was carried out in 1995 (as stated in chapter 1). 
The mean ± sd age of the fatty acids assaying group was 44 11.4 years, 
while the whole group was 45 11.6 years (Table 4.1 and Table 5.1). 
Dietary intake and blood lipids profiles of these two groups were shown in 
Table 4.2 and Table 4.3. Health parameters of the subjects in the fatty acid 
study showed no significant difference from those of the whole group. 
The omnivore children 
V 
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This group of children were at age of 11, and belong to a cohort of children 
with a number of 96 individuals. Among them 50 children agreed to have 
blood taken for the lipids study, and 28 subjects (14 boys, 14 girls) with 
serum left were further assayed for serum fatty acids. 
The vegetarian adults and children 
Sixty lacto-ovo-vegetarian adults (15 men, 45 women) aged 20 to 55, with 
their mean sd age of 39.5 4.7 years and mean sd body mass index 
(BMI) of 23.3 4.4 and twenty one lacto-ovo-vegetarian children aged 5 to 
13, with a mean sd age of 9.21 2.33 were assayed for serum fatty acids. 
Their serum fatty acid composition, diet and blood lipids data were used to 
study their correlation, and to compare with those of omnivores. All subjects 
were apparently healthy, and no dietary modification was proposed. The 
vegetarian subjects who had been following vegetarian diet for at least 1 
year were chosen. Consent were obtained from each subject, and the study 
was approved by ethnic committee before the study were conducted. 
Because of the limited number and great age variation of vegetarian 
children, only serum fatty acid composition was analyzed. Discussion of 





Twenty milliliters of venous blood were taken after an overnight fasting. Sera 
were collected for blood lipids examination and the left-over sera were stored 
at -70 °C before fatty acid analysis. Physical examination and dietary habit 
assessment were carried out during interview of the subjects. 
The principle of the fatty acid study 
Sera were thawed to room temperature for fatty acids assay. Serum lipids 
were extracted from blood samples with 5 ml chloroform-methanol (2:1,v/v). 
Heptadecanoic acid (17:0) was added as an internal standard to quantify the 
fatty acids in serum samples. This fatty acid was used because it is not 
present in human plasma and its recovery rate is greater than 98%. Fatty 
acids from different lipids in serum were converted to their corresponding 
fatty acid methyl esters, which were quantified by gas liquid chromatography 
using SP-2560 flexible fused silica capillary column. The fatty acid from C14 
to C22 were measured. The sum of the determined fatty acids was defined 
as serum total fatty acids (Fas). Individual fatty acid level was expressed as 
the percentage of the total of serum fatty acids. 









Standard internal fatty acid (free fatty acid, 17:0) 
Lipid extraction The stored serum were thawed to room temperature, 200 
to 400 ul serum was picked up after thoroughly mixed. For 200 ul serum, 1 
ml Heptadecanoic acid (0.2 mg/ml) was added as the internal standard. 
Then 6 ml CH3CI:MeOH (2:1, v/v) and 1 ml normal saline were added. 
Thereafter, samples were centrifuged at 1,000 r.p.m. for 15 minutes. The 
chloroform phase e.g. the organic layer, containing the extracted lipids was 
separated by aspiration and transferred to the methylation tube. The solvent 
was then evaporated to dryness under nitrogen atmosphere by using an 
analytical evaporator (N-EVAP Model No. 111 USA). 
Methylation The total fatty acids were converted to their corresponding fatty 
acid methyl esters by using 2 ml of 14% boron trifluoride in methanol and 1 
ml of toluene (2:1’ v/v) under nitrogen at 90 °C for 45 minutes. After cooling 
down the tube at room temperature, 5 ml of hexane and 2 ml saline were 
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added into the tube. The samples were then vortexed and centrifuged at 
1,500 r.p.m. for 10 minutes. The top hexane layer was taken out and 
transferred into a corresponding culture tube. 
Gas chromatographic analysis After drying the samples with nitrogen by 
using the Analytical Evaporator, 100 ul of hexane was added into the culture 
tubes. Each sample was then transferred and sealed into a GC vial with 100 
ul insert. All the GC samples were analyzed on a gas-liquid chromatography 
(Hewlett Packard 5890 Series II, USA) equipped with a flame ionization 
detector and a SP 2560 capillary column. 
Principle of the chromatography fatty acid study 
Fatty acid methyl esters were analyzed by gas liquid chromatography using 
SP-2560 flexible fused silica capillary column (100 mx 0.25 mm i.d., 20 um 
film thickness; Supelco, Inc. Bellefonte, PAO in a Hewlett-Packard 5890 
series II gas chromatography) equipped with a flame ionization detector 
(Palo Alto, CA). Column temperature was programmed from 150°C to 180 C 
at a rate of 0.5c/min, and then to 210°C at a rate of 3 °C/min. Injector and 
detector temperatures were 250°C and 300 C, respectively. Hydrogen was 
used as the carrier gas at a head pressure of 20 psi. 
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Blood lipids study 
Cholesterol concentration was estimated on the Hitachi 717 analyzer using 
the cholesterol oxidization method ( CV 2.9% at 3.3 mmol/L and 2.5% at 7.0 
mmol/L )’ and triglycerides by the same instrument using the lipase/glycerol 
kinase method (CV 3.3% at 0.63 mmol/L ). HDL-cholesterol was measured 
on the Hitachi 717 analyzer after precipitation of VLDL and LDL by 
polyethylene glycol PEG 6000 (CV 4.2% at 1.64 mmol/L). LDL-cholesterol 
was calculated by the Friedewald Equation (Friedewald et al, 1972), 
provided total triglycerides did not exceed 4.0 mmol/L. The Friedewald 
Equation is: 
LDL-C = Total cholesterol - (HDL-C) - TG/2.2 
Dietary intakes and dietary habits 
A food frequency method with food tables compiled for Hong Kong was used 
for nutrient quantitative analysis, while a separate questionnaire was used to 
examine dietary practices. Total energy intake, total fat intake and different 
kind of fatty acid intake were estimated. For vegetarians, the food 
questionnaire was based on the one used in omnivores study, but the food 
contains meat products were deleted and some special vegetarian food 
consumed in Hong Kong were added. Subjects were asked to record every 
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meal consumed for a week just before coming for interview. The portion size 
of each food was estimated on the day of interview by a trained nutritionist. 
Data obtained were filled in the food frequency questionnaire containing 300 
common local food items for the omnivores and 280 items for vegetarians. 
To assist recall, food pictures containing 50 or 100 gm portion size were 
shown together with different size of bowls, plates and spoons. Daily intake 
of various nutrients was calculated from a computer software that contains 
nutrition information pooled from various food tables (Leung et al, 1997). 
Anthropometric and other physiological measurements 
Anthropometric measurements include body weight measured by a Seca 
electronic scale, height measured by a Harpenden Stadiometer and other 
parameters. All assessments and measurements were done by the well 
trained professionals. 
Body weight and height were measured with a Sera electronic scale and 
Harpenden Stadiometer using standardized methods. For the omnivores 
children, distribution of body fat at the umbilical level was measured by 
magnetic resonance imaging (MRI). Children were examined in a 1.5 Tesla 
MR image (Gyroscan ACS NT, Philips medical Systems, Best, Netherlands) 
'using the body coil. T1-weighted axial 10mm section was taken at the 
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umbilical level with phase encoded artifact reduction technique to reduce 
artifact due to breathing movements. Field of view was 45 cm. Repetition 
time was 532 msec and echo time was 15 msec. The number of acquisitions 
was four. Acquisition time was 4 minutes. The area of subcutaneous and 
intra-abdominal fat is quantified by measuring the pixels above cut-off points 
established as minim between peaks of fat and soft tissue on histograms of 
signal intensities across the entire abdominal section (Leung et al, 1998). 
Total fat was defined as sum of subcutaneous fat and intra-abdominal fat. 
Blood pressure, smoking and drinking habits were measured and recorded 
by the well trained professionals. 
The omnivore children were further subdivided into two groups: obese and 
non-obese with obesity defined as weight greater than 120% median weight 
for height for the same sex using the local standards. 
Statistical analysis 
Statistic analysis was done by using the SPSS program (spss version 6.1 )’ 
and data were expressed as mean sd. Difference between means using 
student's t-test (two tailed) was regarded as significant if p value is less than 
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0.05. The Pearson's correlation coefficients analysis were used in studying 









ABSTRACT: Serum fatty acid composition and its relations with blood lipids 
and dietary data were studied in 194 Hong Kong Chinese (81 men, 113 
women) aged from 25 to 70. Serum fatty acids and total cholesterol (TC), 
triglycerides (TG), and high density lipoprotein cholesterol (HDL-C) were 
measured. Dietary intake for 7 days was assessed using a food frequency 
method and nutrients intake were calculated. The most abundant serum fatty 
acid of the studied population was linoleic acid (18:2n-6), followed by oleic 
acid (18:1n-9), palmitic acid (16:0) and stearic acid (18:0) comprising to 
29.6%, 19.1%, 17.6% and 13.1% oftotal serum fatty acids respectively. Men 
had significantly higher serum myristic acid (14:0) and oleic acid (18:1n-9) 
compared to women. However, nodifference in serum fatty acid composition 
with age were found. Mean total cholesterol, triglyceride, LDL-C and HDL-C 
were 4.99 1.13, 3.15, 1.31 mmol/L respectively. Daily energy intake was 
2485.66 671.61 Kcal with P/S ratio of 0.84 0.25 for men and 1828.39 
654.88 Kcal with P/S ratio of 0.97 0.33 for women.* Serum myristic acid, 
palmitic acid and oleic acid concentrations were significantly correlated with 
a high TG or VLDL-C level and a low HDL-C level. Such effects were most 
marked for men over the age of 50. The lipid profile in women above 50 
V 
years deteriorated in spite of similar serum fatty acid composition compared 
35 
with those in women below 50 years. This could be explained by the effect of 




5.1.1 Results on serum fatty acid composition in different groups 
Fourteen fatty acids in serum of omnivorous were determined by gas-liquid 
chromatography, e.g. saturated fatty acid: myristic acid (14:0), palmtic acid 
(16:0) stearic acid (18:0); monounsaturated: palmitoleic acid (16:1n1), oleic 
acid (18:1n-9); polyunsaturated: linoleic acid (18:2n-6), linolenic acid (18:3n-
3), eicosadienoic acid (20:2n-6), eicosatienoic acid (20:3n-6), arachidonic 
acid (20:4n-6), docasatetraenoic acid (22:4n-6), docosapentaenoic acid 
(22:5n-6), eicosapentaenoic (EPA, 20:5n-3) and docosahexaenoic (DHA, 
22:6n-3). Unidentified peaks accounting for less than 0.5% of the total fatty 
acids in this study. 
The sum of the 14 fatty acids was defined as serum total fatty acids. Each 
fatty acid level expressed as a percentage of the total fatty acids is shown in 
Table 5.2, with saturated fatty acids (SFA), monounsaturated fatty acids 
(MUFA) and polyunsaturated fatty acids (PUFA) contributing to 31.72 %, 
23.85 % and 43.71 % in men, and 34.03 %’ 20.80 % and 44.50 % in women 
respectively. The major individual fatty acids were 18:2n-6, 18:1n-9, 16:0 
and 18:0 in both men and women (Appendix 1 and Table 5.2 )• 
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There were significant differences in serum fatty acids between the two sex. 
Men under 50 years had significantly higher levels of 14:0 18:1n-9, 18:3n-6 
and 20:2n-6 compared with women with the same age (Table 5.2). Men 
aged above 50 years had a significant higher serum 18:1n-9 than women 
with the same age. However, there were no significant differences of serum 
fatty acid composition in the same sex with age above 50 and below 50 
years. When all these subjects were divided into 10 groups by ten years age 
interval and sex, the differences of fatty acid composition were further seen 
between sexes, but not in different age groups (Table 5.3). 
5.1.2 Results on correlation of serum fatty acid composition with 
serum lipids and diet 
Dietary intakes: 
Dietary habit were believed to affect people's serum fatty acid composition. 
However, no statistical correlation between dietary fat intakes and serum 
fatty acid concentrations was found in this study. Nutrient intakes were 
significantly different between the two sex. Men had significantly higher 
intake of total daily energy: 2484 Kcal vs.1828 Kcal and a lower P:S ratio : 
0.84 vs. 0.97 compared with women. Fat contributed to 29.5 % and 30.2 % 
of total daily energy for men and women respectively. The intake of 
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saturated, monounsaturated and polyunsaturated fatty acids was 23.40, 
29.70 and 18.23 g per day, contributing 8.21%, 10.46% and 6.58% of total 
energy for men and 16.49, 21.23 and 14.71 g per day, contributing 7.91%, 
10.16% and 7.33% of total energy for women, respectively (Table 5.4). 
Women aged above 50 years had similar dietary intakes compared with 
those of women aged below 50 years, and their energy intakes, saturated 
fat, monounsaturated fat and polyunsaturated fat consumption showed no 
significant differences from those of women below 50 years group. However, 
men aged above 50 years had a significantly lower total energy and fat 
intake than men aged below 50 years (Table 5.5). 
Serum lipids 
The mean sd of total cholesterol in the studied population was 4.99 ± 0.95 
mmol/L Serum total TG, LDL-C, HDL-C, VLDL-C, Apo-A1 and apo B were 
1.13 0.67, 3.15 0.85, 1.31 0.34, 0.52 0.32 mmol/L and 1.34 0.23 
and 0.93 0.31g/L, respectively. 
Total cholesterol and LDL-C levels in women were lower than those in men 
below the age 50. The average serum cholesterol was 5.0 mmol/L for both 
men and women, and the average triglyceride was 1.3 mmol/L in men and 
1.0 mmol/L in women. Average serum HDL and LDL cholesterol was 1.17 
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mmol/L and 3.2 mmol/L in men, 1.41 mmol/L and 3.1 mmol/L in women. 
Women above the age of 50 showed significant changes in serum lipid, with 
higher TC. TG, LDL-C, VLDL-C and apoB levels, while HDL-C remained 
more or less the same when compared with women below the age of 50. 
Men under 50 had significantly higher TC, TG, LDL-C, VLDL-C and ApoB but 
lower HDL-C concentrations than women of the same age. However, men 
over 50 had a similar lipid profile to women of same age (Table 5.6). 
Correlation ofserum fatty acids with serum lipids 
Serum TG or VLDL-C and HDL-C showed significant correlation with 
individual serum fatty acids in different sex and age groups. 14:0 was 
positively correlated with TG orVLDL-C in women aged above 50, while 16:0 
was positively correlated with TG or VLDL-C in men regardless of different 
age groups. Considering the monopolyunsaturated fatty acids, total MUFA, 
16:1n-7 and 18:1n-9 were all positively correlated with TG or VLDL-C 
regardless of age and sex, except that 16:1n-7 showed no correlation with 
TG or VLDL-C in women aged above 50. Total polyunsaturated fatty acids, 
18:2n-6 and 20:4n-6 showed negative correlation with TG or VLDL-C in men 
aged below 50, while only 20:4n-6 showed negative correlation with TG or 
VLDL-C in women aged below 50. 
Y 
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No significant correlation were found between HDL-C and serum saturated 
fatty acids in all groups, except 16:0 showing a significantly negative 
correlation with HDL-C and 18:0 showing a significantly positive correlation 
with HDL-C in women aged below 50. Negative correlation were found 
between HLD-C and serum monounsaturated fatty acids in all groups, with 
men above 50 showed the most marked correlation. Total polyunsaturated 
fatty acids and 20:4n-6 showed significantly positive correlation with HDL-C 
in men and women aged below and above 50, and 20:4n-6 showed 
significantly positive correlation with HDL-C in women aged below 50. 
5.2 Discussion 
In Hong Kong Chinese, 18:2n-6, 18:1n-9, 16:0 and 18:0 were the dominant 
fatty acids found in serum. This finding was in agreement with observation in 
the other populations, such as Americans, Japanese, Eskimos (Holman et al, 
1979; Nakamura et al, 1995; Parkinson et al, 1994) (Table 5.8). However, 
16:0, 18:1n-9 levels were lower than those of the Americans and Japanese, 
but they were close to those of Eskimos. 18:0 level was higher than that of 
the Americans, Japanese and Eskimos. Serum 18:2n-6 of Hong Kong 
Chinese was higher than that of the Americans and Japanese, but it was 
similar to that of Eskimos. However, serum 20:4n-6 was lower than that of 
Americans, close to that of Japanese and Eskimos. Serum 20:5n-3 and 
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22:6n-3 concentration of the studied population were higher than those of 
Americans, but lower than those of Japanese and Eskimos. These 
satuarted, monounsaturated and polyunsatuarted n-6 and longer chain n-3 
fatty acids ( LPC n-3) have different roles in relation to blood total 
cholesterol, TG and HDL-C. Our study indicated that serum palmitic and 
oleic acid showed a significant positive correlation with TG and a negative 
correlation with the HDL-C. The serum 18:0 was relatively neutral in relation 
with serum lipids. Serum 18:2n-6 has been shown to be associated with 
lower total cholesterol and triglyceride levels. However, 20:4n-6 is 
recognized as precursor of thromboses, which increase the platelet 
aggregation. These LCP n-3 fatty acids, 20:5n-3 and 22:6n-3 originate 
mainly from dietary intake offish (Nakamura et al, 1995). The serum 20:5n-3 
and 22:6n-3 levels reflect the lower consumption of fish and other seafood in 
Hong Kong Chinese compared with those in the Japanese and Eskimos, but 
higher than those in the Americans. Those fatty acids have a protective 
effect on CHD as showed among the Eskimos (Parkinson et al, 1994). 
Howerver, such comparison may only give some general indications, as 
these studies were done at different places and at different time. 
The epidemiological relationship between diet and coronary heart disease in 
Western countries has been extensively studied, following the Framingham 
Study which began in the 1940s (Kannel et al, 1989). Several cross-cultural 
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comparisons have also been carried out, such as the Seven countries Study 
(Keys et al, 1980) the International Atherosclerosis Project (McGill et al, 
1968). These studies concluded that, besides dietary factors, cigarette 
smoking, sedentariness, obesity, hypertension, diabetes and dyslipidaemia 
correlated with the occurrence of coronary heart disease. Compared with 
those of the Americans, the dietary total fat, and saturated fatty acids intakes 
of Hong Kong Chinese presented as percentage of total energy (<30% and 
<10%) were much closer to the recommended values for health 
maintenance and prevention against coronary heart disease (Dyerberg et al, 
1997; Table 5.9). In addition, the daily intake of more atherogenic food, such 
as meat and milk of Hong Kong Chinese were lower than those of the 
Americans (National Institute of Health, USA, 1993; Stephen et al, 1990; 
Block et al, 1988). In contrast the intake of anti-atherogenic food like fish, 
fruit and vegetables were higher in Hong Kong Chinese. Studies have shown 
that 14:0 which is prominent in dairy foods is the most atherogenic fatty acid 
in the diet (Block et al, 1988; Ulbricht et al, 1991), while the higher intake of 
fiber and antioxidants from fruit and vegetables have been associated with 
the lower incidence of coronary heart disease (Block et al, 1988). 
It has been found that being the male sex, age and post menopause women 
are risk factors for coronary heart disease (Keys et al, 1965; Master et al, 
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1939). This was in agreement with the results from our study. Although 
women aged over 50 had a similar serum fatty acid profile and dietary 
intakes, their TC and LDL-C levels were not only significantly higher than the 
younger women, but also higher than those of men of the same age. The 
mechanism by which fatty acids affect the metabolism of TC and LDL-C may 
be partially hormone-mediated (Janus et al, 1997). In view of the hormonal 
change after menopause, dietary advice may be particularly important for 
older women. Increasing the intake of food with lower saturated fat but 
higher monounsaturated and polyunsaturated fat, such as replacing dairy 
and animal fat with vegetable oils should be advised. 
The finding that 14:0, 16:0, 18:1n-9 and 16:1n-7 significantly correlated with 
a high TG or VLDL-C but a low HDL-C level, was different from findings in 
the Japanese (Nagaya et al, 1994). The higher 18:1n-9 concentration 
associated with higher TG level has been reported by Hirai (1996). Oleic 
acid in serum is synthesized endogeniousely by palmitic acid chain 
elongation and desatutation (Toussant et al, 1981). As PUFA is known to be 
inhibit the biosynthesis of SFA, more deficiency of PUFA would lead to 
higher levels of SFA and more biosynthesis of TG. Besides, our study 
showed polyunsaturated fatty acid, i.e. linoleic and arachidonic (20:4n-6) 
acid had a negative correlation with TG and VLDL but a positive correlation 
with HDL-C. All these correlation were most marked for men aged above 50 
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(r = 0.7, p<0.001). Such findings may indicate that older men are more 
susceptible to develop hyperlipidemia when they have a high serum 
saturated fatty acids 14:0, 16:0 and monounsaturated fatty acid 18:1n-9 and 





Abstract: It was suggested that body fat indices have a strong impact on 
cardiovascular disease risk. Studies have indicated that LCP n-3 fatty acids, 
EPA and DHA (rich in fish oil) could lower the blood triglycerides 
concentration by enhancing triglyceride clearance (Harris et al, 1984). 
Animal studies had also showed that the higher intake of fish oil inhibited 
lipase activity and adipose tissue accumulation (lritani et al, 1980). To 
investigate the fatty acid composition of Chinese children and its relation to 
body fatness, current study was carried out. A cohort children were 
examined at age of 11 for a study of the relation between body fatness and 
blood lipids. Among them, 28 (14 boys and 14 girls) were further assayed for 
serum fatty acids. The major fatty acids found in this cohort children were: 
linoleic acid, oleic acid, palmitic acid and stearic acid. There was no 
significant difference in serum fatty acid composition between the two sex. 
However, y-linolenic acid (18:3n-6), EPA (20:5n-3) and DHA (22:6n-3) 
concentration were significantly higher in the non-obese group than the 
obese group. Significant correlation between serum oleic acid and total body 
fat or subcutaneous fat measured by MRI was found. The n-3 fatty acids 
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including EPA and DHA demonstrated a negatively correlation with each 
body fatness index. Body fatness indices showed significantly negative 
correlation with HDL-cholesterol. Findings of this study may emphasize the 
importance of serum LCP n-3 fatty acids as a metabolic risk factor for 
cardiovascular disease, as it was associated with a lower serum HDL-C, a 




6.1.1 Results on serum fatty acid composition, lipids and body fatness 
in omnivore children 
The mean sd age of this group of children was 11.36 0.17 years, with 
mean sd weight of 39.22 9.33 kg and mean sd height of 147.16 6.28 
cm. Subcutaneous fat was found to exceed intra-abdominal fat with mean 
sd of86.64 72.27 cm^ vs. 24.28 13.13 cm^ (Table 6.1). 
The total serum fatty acids weighed 2.23 0.10 mg/ml, with saturated fatty 
acids (SFA), monounsaturated fatty acids (MUFA) and polyunsaturated fatty 
acids (PUFA) contributed to 19.08 %, 24.17 % and 49.42 % of the total 
serum fatty acids, respectively. Fourteen fatty acids were detected in serum, 
including 14:0, 16:0, 16:1n-7, 18:0’ 18:1n-9, 18:2n-6, 18:3n-3, 20:2n-6, 
20:3n-6, 20:4n-6, 22:4n-6, 22:5n-6, 20:5n-3 and 22:6n-3. The major fatty 
acids were: 18:2n-6 (32.63 %), 18:1n-9 (20.82 %), 16:0 (17.31%) and 18:0 
(8.09 %) (Table 6.2). 
There was no significant differences in serum fatty acid composition between 
the two sex. However, the y-linolenic acid (18:3n-6), EPA (20:5n-3) and 
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DHA (22:6n-3) concentration were significantly higher in the non-obese 
group than the obese group (Table 6.2). 
Serum TC (mean sd) measured 4.21 0.77 mmol/L, mean sd TG, HDL-
C, LDL-C and VLDL-C were 0.90 0.52 1.08 0.41, 2.95 0.60 and 0.41 
0.24 mmol/L, respectively in this cohort children. When comparing lipid 
profile of boys with that of girls, no significant difference was found. 
Comparing of lipid profile between obese children and non-obese children 
showed that obese children had a significantly higher TG but lower HDL-C 
levels (Table 6.3). 
6.1.2 Results on correlation of serum fatty acids with blood lipids and 
body fatness 
There were significantly positive correlation between serum 18:1n-9 and total 
body fat or subcutaneous fat. However, the LCP n-3 fatty acids, 20:5n-3 and 
22:6n-3 demonstrated a negative correlation with total body fat, 
subcutaneous fat and body mass index (BMI). In addition, 20:5n-3 showed a 
negative correlation with intra abdominal fat. Correlation of serum fatty acids 
and parameters of body fatness was shown in Fig 6.1, Fig 6.2, Fig 6.3 and 
Fig 6.4 as well as in Table 6.4. 
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Correlation between serum fatty acids and blood lipid profile were shown in 
Table 6.5. All saturated fatty acids showed no significant correlation with 
blood lipids. Monounsaturated fatty acid, 18:1n-9 showed a significantly 
negative correlation with HDL-C but a significantly positive correlation with 
TG. No significant correlation was found between n-6 fatty acids and blood 
lipid profile, but 22:6n-3 showed a significantly negative correlation with TG 
(Table 6.5). On the other hand, body fatness indices showed correlation with 
blood lipids, HDL-C showed significantly negative correlation with BMI, W_H 
per and subcutaneous fat (Table 6.6). 
6.2 Discussion 
Since serum 20:5n-3 and 22:6n-3 are mainly from diet, especially sea fish 
(Dyer berg et al, 1975; Lee et al, 1985; Parkinson et al, 1994; Nakamura et 
al, 1995) the lower composition of 20:5n-3 and 22:6n-3 in obese children 
might indicate the lower dietary intake of these fatty acids. (; Dyerberg et al, 
1997). Higher LCP n-3 fatty acid intake could lower the triglycerides 
synthesis in our body, and increase in blood triglycerides can be prevented 
by adequate intake of fish oil (Harris et al, 1984; lritani et ai, 1980; Von 
Lossonczy et al, 1978). In animal study, the lipogenesis enzyme and 
glucose-6-phosphate dehydrogenate increases significantly in adipose 
V 
tissues with dietary 18:2n-6 supply (Mourot et al, 1994). However, our study 
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did not indicate any relation between serum 18:2n-6 and body fatness or 
blood lipids. However, our study did confirm the correlation between serum 
18:1n-9 and blood TG and body fatness. The higher 18:1n-9 concentration 
associated with higher TG level has been reported by Hirai (1996). PUFA is 
known to inhibit the biosynthesis of SFA. However, 18:1n-9 in serum is 
synthesized endogeniousely by 16:0 chain elongation and desatutation 
(Toussant et al, 1981). 
The relationship between body fat indices and cardiovascular risk was 
reported in several studies (Masuda et al, 1993; Nadeau et al, 1993). 
Significant positive associations were found between body fatness indices 
and blood triglycerides and systolic blood pressure (Masuda et al, 1993). In 
our study, negative correlation between body fatness and blood HDL-
cholesterol was indicated. The lower HLD-C but higher TG level together 
with lower serum 20:5n-3 and 22:6n-3 fatty acids may demonstrate the 
higher atherogenic risk among the obese children (Glueck et al, 1980). 
Findings of our study may emphasize the importance of serum LCP n-3 fatty 
acids as a metabolic risk factor for cardiovascular disease, as it associated 
with a lower blood HDL-C, a higher blood TG and a fattening body. It is 
known that dietary modification and body fitness are important factors 
affecting our health (Bidlack et al, 1996; Kruger et al, 1995; Kinsella et al, 




ABSTRACT: To investigate if there is any difference of serum fatty acid 
composition between Hong Kong Chinese omnivores and vegetarians, 133 
omnivores (56 men and 77 women ) and 60 vegetarians (15 men and 45 
women ) were recruited for this study. The main serum fatty acids found in 
both populations were 18:2n-6, 18:1n-9 and 16:0. However, 18:2n-6 level 
was much higher in the vegetarian group than in the omnivore group, 
implying a higher intake of vegetable oil in the former. Although 18:3n-3 was 
also higher in the vegetarians, the longer-chain polyunsaturated (LCP) n-3 
fatty acids were lower than in the omnivores. Such findings were probably 
due to the lower consumption of fish oil of vegetarians, but higher amount of 





7.1.1 Results on serum fatty acid composition in vegetarian adults and 
children 
The total serum fatty acids (mean sd) measured in vegetarian group were 
3.90 1.87 mg/ml. Fourteen fatty acids were detected in vegetarian adults, 
but only thirteen fatty acids were detected in vegetarian children, with 22:4n-
6 was not detected in vegetarian children. The most abundant fatty acids in 
both vegetarian adults and children were 18:2n-6, followed by 18:1n-9, 16:0 
and 18:0 (Table 7.1). Serum fatty acid composition in vegetarian children 
showed no significant difference from those in vegetarian adults. No 
significant difference in serum fatty acid composition was found between 
vegetarian boys and girls (Table 7.2). 
7.1.2 Results on comparison of serum fatty acid composition in 
vegetarian and omnivore adults 
To compare the serum fatty acid composition in vegetarian and omnivore 
adults, 164 omnivore adults (men 65, women 99) with the same age range 
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7.1.1 Results on serum fatty acid composition in vegetarian adults and 
children 
The total serum fatty acids (mean sd) measured in vegetarian group were 
3.90 1.87 mg/ml. Fourteen fatty acids were detected in vegetarian adults, 
but only thirteen fatty acids were detected in vegetarian children, with 22:4n-
6 was not detected in vegetarian children. The most abundant fatty acids in 
both vegetarian adults and children were 18:2n-6, followed by 18:1n-9, 16:0 
and 18:0 (Table 7.1). Serum fatty acid composition in vegetarian children 
showed no significant difference from those in vegetarian adults. No 
significant difference in serum fatty acid composition was found between 
vegetarian boys and girls (Table 7.2). 
7.1.2 Results on comparison of serum fatty acid composition in 
vegetarian and omnivore adults 
To compare the serum fatty acid composition in vegetarian and omnivore 
adults, 164 omnivore adults (men 65, women 99) with the same age range 
as those of the vegetarian adults were selected from the omnivores fatty 
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acids study (Chapter 5). The mean sd age of vegetarian adults was 40.19 
6.48 years. 
Significant difference of serum fatty acid composition was found between the 
omnivore group and vegetarian group. Serum polyunsaturated fatty acids 
(PUFA) and monounsaturated fatty acids (MUFA) in vegetarians were 
23.98% and 49.52%, respectively of total serum fatty acids, which were 
significantly higher than those in the omnivores, of which PUFA and MUFA 
accounted for 38.78% and 21.76%, respectively of the total serum fatty 
acids. Whereas, saturated fatty acids (SFA), LCP n-6 (20:4n-6 ) and LCP n-
3 (20:5n-3, 22:6n-3) fatty acids were lower in the vegetarians than those in 
the omnivores (p<0.01), which contributed 26.47%, 5.25% and 1.70% 
respectively to the total serum fatty acid in vegetarians, and 31.29%, 6.31% 
and 4.60% respectively to the total serum fatty acid in omnivores (Table 7.3). 
Although 18:2n-6 was the most abundant fatty acid in both vegetarians and 
omnivores, significantly higher 18:2n-6 concentration was found in 
vegetarians than in omnivores (38.20% vs. 24.51%) (p<0.01). 18:1n-9 in 
vegetarian was also significantly higher than that in omnivores, which 
accounted for 22.31% in the former and 18.81% in the latter of the total fatty 
acids. As a precursor of n-3 family, the 18:3n-3 was significantly higher in the 
Y 
vegetarian than that in the omnivores (1.65% vs. 0.84%). In contrast, 18:0 
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20:4n-6, 20:5n-3 and 22:6n-3 were significantly higher in the omnivore 
group. In addition, the n-3 to n-6 fatty acids ratio of omnivores was double of 
that of vegetarians (Table 7.3). 
No significant difference of serum fatty acid composition was found between 
men and women in vegetarian group, except 20:2n-6 was higher in 
vegetarian women. However, when comparing the same sex in vegetarians 
to omnivores, significant differences in serum fatty acid composition were 
found (Table 7.4) as showed in comparing the whole vegetarian group to 
omnivore group regardless of sex (Table 7.3). 
Due to the limitation of large age range and small sample size in vegetarian 
children, no comparable omnivore children group was available for 
comparison of serum fatty acid composition. As a result, no further analysis 
was done in this vegetarian children group. 
7.1.3 Results on dietary intake, blood lipids and their correlation with 
serum lipids in vegetarian adults 
The vegetarian group had a significantly lower intake of energy and other 
nutrients but a higher carbohydrate intake compared with omnivore group. 
V 
Intakes of saturated, monounsaturated and polyunsaturated fatty acids were 
55 
all higher in the omnivore group compared with vegetarian group. However, 
the percentage of polyunsaturated fatty acids contributed to the total dietary 
fat intake was significantly higher in vegetarian group than in omnivore 
group, and the ratio of polyunsaturated to saturated fatty acids was 
significantly higher in the vegetarian (Table 7.5). Compared with omnivore 
men, energy, protein, total fat including polyunsaturated, monounsaturated 
and saturated fatty acids intakes were significantly lower in vegetarian men. 
However, percentage of polyunsaturated fatty acids of total dietary fat intake 
and dietary P/S ratio were significantly higher in vegetarian men than those 
of omnivore men. Similarly, vegetarian women also showed a significantly 
lower dietary fat intake including polyunsaturated, monounsaturated and 
saturated fatty acids than omnivores women, but percentage of 
polyunsaturated fatty acids of total dietary fat intake and dietary P/S ratio 
were significantly higherthan those in omnivore women (Table 7.6). 
The vegetarians had a significantly lower concentration of serum total 
cholesterol, LDL-C and HDL-C. However, LDL-C/HDL-C ratio showed no 
difference between vegetarians and omnivores. The apoA protein was 
significantly higher in the vegetarians. Such differences were more obvious 
between the vegetarian and omnivore women groups (Table 6.7 and 7.8). 
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Serum TG or VLDL-C and HDL-C showed significant correlation with 
individual serum fatty acids in vegetarians, similar to those shown in the 
omnivores (Table 7.9). For examples, 14:0 16:0 16:1n-7, 18:1n-9 and total 
MUFA correlated positively with TG or VLDL-C, but they were negatively 
correlated with HDL-C. On the other hand, 18:2n-6 and total PUFA were 
negatively associated with TG or VLDL-C but correlated positively with HDL-
C. 
7.2 Discussion 
Previous studies had indicated that fatty acid composition of dietary fat can 
be partially reflected by the serum fatty acid composition (Asciutti-moura et 
al, 1981). Traditionally, Hong Kong Chinese consumed vegetable oil as the 
main dietary fat. Therefore, their serum lipids had a high linoleic acid level. 
However, as influenced by westernization, which leads to changes of dietary 
pattern, Hong Kong Chinese now consume more dairy products and animal 
fat than before. In the present study, the higher level of serum saturated 
fatty acids in the omnivores may indicate that eating habit of Hong Kong 
Chinese are in transition. 
The serum fatty acid composition was influenced by many factors including 
V 
diet, age and sex. The significant difference in fatty acids between the 
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vegetarian and omnivores, and no significant difference in fatty acids 
between the vegetarian adults and children implied that the dietary fat 
influence the serum fatty acid composition most (Lopes et al, 1991). 
Dietary fatty acid can vary in a large range and serum fatty acid composition 
may partially reflect the fatty acid pattern of long-term diet (Holman et al, 
1979). 18:2n-6 and 18:3n-3 are two fatty acids which can not be synthesized 
by humans, but they can undergo chain-elongation and desaturation 
regulated by the same enzyme system. It is known that the competition of 
the n-6 and n-3 series for the chain elongation and desaturation occurs when 
the ratio of 18:2n-6/18:3n-3 in diet changes (Connor et al, 1992). Therefore, 
chain elongation and desaturation of 18:3n-3 might be strongly suppressed 
when higher 18:2n-6 is consumed in vegetarians, and production of 20:5n-3 
and 22:6n-3 are slowed down. In addition, lack of fish intake, which is a 
direct source of longer chain n-3 fatty acids, may explained the lower 
proportion of serum longer chain n-3 fatty acids including EPA and DHA in 
the vegetarian group. Chronic avoidance of animal fat and tissue resulted 
partial or complete arachidonate restriction, studies have indicated that 
dietary 20:4n-6 enriches its circulating pool in human and vegetarian diet 
were devoid of 20:4n-6, 20:5n-3 and 22:6n-3 (Roshahai et al, 1984). The 
finding of higher concentrations of 18:2n-6 and 18:3n-3 but lower 
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concentration of their metabolites 20:4n-6, 20:5n-3 and 22:6n-3 in the 
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vegetarians is comparable to that reported in Germany and Tanzania 
(Krajcovicova-Kudlackova et al, 1995; Pauletto et al, 1996). Vegetarians 
must rely mainly on endogenous production of 20:5n-3 and 22:6n-3 from C g^ 
precursor to meet their needs for these fatty acids (Holman et al, 1979; 
Pauletto et al, 1996; Kruger et al, 1995; Phinney et al, 1990). 
Vegetarians are believed to have a lower atherosclerosis risk based on their 
serum fatty acid profile and dietary intake (Pronczuk et al, 1992; Sabders et 
al, 1978). However, the higher serum palmitic and oleic acids concentration 
in vegetarians may implicate that the active fat synthesis, associated with the 
relative higher intake of carbohydrates but lower intake of LCP n-3 fatty 
acids. A higher intake of carbohydrate has been reported playing a role in 
increasing the blood triglycerides (Kinsella et al, 1990; Waddell et al, 1973) 
and this effect can be prevented by the adequate intake of fish oil (Harris et 
al, 1984). In vegetarians, low serum 20:5n-3 and 22:6n-3 may be inversely 
associated with a higher triglyceride concentration. However, it was not a 
case in our vegetarian group, perhaps the higher intake of egg in the 
Chinese vegetarians may provide sufficient 20:5n-3 and 22:6n-3 to protect 
them from hypertriglyceridemia. 
Limited sample number and large age variation of vegetarian children in our 
V 
study made further analysis of this group not feasible. Well designed study is 
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needed to be carried out to investigate the difference of serum fatty acid 





This study first demonstrated serum fatty acid compositions in Hong Kong 
Chinese with different diets, age and sex. Our study indicated that dietary 
difference is the main factor to affect serum fatty acid composition, which 
was in agreement with results in other studies. Our study also indicated that 
serum saturated fatty acids, 14:0 16:0 and monounsaturated fatty acids 
18:1n-9, 16:1n-7 correlated significantly with higher TG and VLDL-C levels, 
but lower HDL-C level. Women after menopause are at risk of developing 
hypercholesterolemia irrespective of their diet and serum fatty acids, similarly 
elder men are also at risk of having a higher TG or VLDL-C and a low HDL-
C level if they have a high serum 14:0, 16:0 and 18:1n-9 composition. 
Significantly positive associations were found between body fatness indices 
and blood triglycerides in our study. Negative correlation between body 
fatness and blood HDL-cholesterol was also indicated. The lower HLD-C but 
higher TG level together with lower serum 20:5n-3 and 22:6n-3 fatty acids 
may demonstrate the higher atherogenic risk among the obese children. The 
small sample size and the small age range limited further interpretation. To 
vConfirm the relation of LPC n-3 fatty acids with body fatness, further 
investigation needs to be carried out. 
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Although serum 18:3n-3 in vegetarians is higher, its longer chain products, 
20:5n-3 and 22:6n-3 are lower compared with those in omnivores. This 
finding was associated with a higher ratio of 18:2n-6/18:3n-3 and lack of 
20:5n-3 and 22:6n-3 in the diet of Hong Kong vegetarians, which may limit 
the beneficial effects of vegetarian diet. 
The fat intake and type of fat in diet were estimated by using food 
questionnaires and food tables published in China in our study, most of the 
individual fatty acid contained in diet could not be assessed, therefore, no 
statistical significant correlation between dietary fat and serum fatty acids 
could be demonstrated. If duplicated meal could be analyzed to study fatty 
acid composition in diet, better correlation between dietary fatty acid profile 
and serum fatty acids could be resulted. Moreover, more information could 
be collected if different fractions of blood lipids could be assayed on their 
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Table 5.4. Dietary intake of Chinese omnivores adults . 
Total ^ ^ Women 
(n = 198) (n = 81) (n = 117) 
Total energy ( Kcal) 2096 ± 736.04 2485.66i671.61'" 1828.39±654.88~~ 
Fat(g) 70.76±31.57 83.19±32.60 62.15±27.87 
PUFA(g) 16.15 6.20 18.23 6.07”i 14.71 5.90 
MUFA(g) 24.69± 12.58 29.70 12.71 21.23±11.30 
SFA(g) 19.31 9.76 23.40 10.23 16.49 8.37 
% energy 
Fat 29.89 5.53 29.46±5.58 30.19±5.51 
PUFA 7.02±1.63 6.58i1.36in 7.33 1.73 
MUFA 10.28±2.38 10.46 2.39 10.16±2.38 
SFA 8.03 1.93 8.21 1.98 7.91 1.90 
P/S 0.92±0.30 0.84±0.25ii 0.97±0.33 
Data expressed as mean sd. 




Table 5.5. Dietary intakes of different age and sex groups . 
M ^ Women 
age <50 age >50 age <50 age >50 
(n = 59) (n = 22) (n = 78) (n = 39) 
Total energy ( Kcal) 2566.92±714.63" 2263.38 487.57 1871.42t740.92 1 7 3 8 . 9 6 i 4 2 5 . 4 3 ~ 
Fat(g) 88.85i33.2422 68.02i25.703S 64.87i30.23 56.72 21.78 
PUFA(g) 19.25 6.O4222 15.51 5.373 15.27 6.62 13.60 5.00 
MUFA(g) 32.03i12.9l22 23.46 9.983355 22.12 11.80 19.45±10.12 
SFA(g) 25.00 10.4622 19.09 8.353355 17.34i9.41 14.79 5.46 
% energy 
Fat 30.57 5.01 26.48±6.053 55 30.89±5.39 28.79 5.53 
PUFA 6.75 1.31 6.14 1.40 7.47 1.66 7.04 1.86 
MUFA 10.98 2.19 9.08±2.4l3335 10.39±2.33 9.70 2.44 
SFA 8.52 1.76 7.36±2.32 8.11 ±1.97 7.50 1.70 
p/S 0.82 0.23^2 0.91 0.30 0.97 0.33 0.98 0.31 
_ — 
Data expressed as mean sd. 
_ * fy *yy 222 
2 Compare between men <50 with women <50 groups, p<0.05, p<0.01 ’ p<0.001 
3 Compare between men >50 with women >50 groups, ^^p<0.01 





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 5.8. Comparison of the serum fatty acid composition of Hong Kong Chinese and 
the other nations*. 
Hong Kong USA Japanese Eskimos~~ 
M F M F M F M ^ 
(n=81) (n=113) (n=103) (n=101) (n=55) (n=55) (n=20) 
SF^  
14:00 0.53 0.45 0.41i0.34 1.02i0.66* 0.99t0.71* 0.8±0.4 0.7i0.4 -
16:00 17.49±3.90 17.40 3.62 22.11±2.99* 21.49i3.35* 26.5±3.1* 24.4±2.6* 16.61±2.34 
18:00 12.70±6.06 13.38i5.68 6.62i1.34* 6.73±1.34* 9.3i1.4 9.1 1.0 7.51i1.19* 
MUFA: 
18:1n-9 20.65 3.80 17.99t4.56 23.77±5.18* 23.54i3.75* 23.0±2.8* 20.5l2.6 18.22 1.57 
PUFAn-6: 
18:2n-6 29.53t5.73 29.67i7.84 25.36t5.25* 25.80i3.88* 19.5 i3 .r 22.3i3.1* 30.57i7.52 
18:3n-6 0.69i1.06 0.40±0.68 0.42i0.33 0.46i0.58 0.5l0.7 1.0i0.4 0.16i0.09 
20:2n-6 0.2210.18 0.18±0.17 0.17l0.22 0.18±0.19 - - -
20:4n-6 5.78i1.69 6.02i1.75 8.12±2.42* 8.27i2.12* 5.4±1.1 6.2t0.9 5.27±2.01 
PUFAn-3: 
18:3n-3 0.88i0.43 0.86i0.57 0.48±0.30* 0.55t0.29* - - 0.41±0.12 
20:5n-3 1.01i0.94 1.33±1.27 0.78±0.6r 0.67t0.47* 3.4tl.1* 3.8l1.5* 6.41±4.11* 
22:6n-3 3.23±2.12 3.37±2.23 1.63i1.32* 1.65±1.16* 7.2i3.2* 7.4±2.0* 5.22+1.46* 




















































































































































































































































































































































































































































































































































































































































































































































































































Table 6.2. Serum fatty acid composition of omnivore children# 
Total Boys Girls ^ non obese obese 
(n=28) (n=14) (n=14) (n=6) (n=22) 
SFA: 
14:0 0.63 0.04 0.61 0.05 0.65 0.07 0.64 0.05 0.57 0.06 
16:0 17.31i0.26 17.58 0.43 17.04±0.29 17.32 0.27 17.26 0.76 
18:0 8.09 0.15 8.31 0.23 7.88 0.19 8.04 0.16 8.28 0.44 
Total 19.08 0.34 19.52 0.51 18.64i0.45 18.83 0.33 19.99±1.02 
MUFA: 
16:1n-7 1.38 0.08 1 .31 i0 .13 1 .46 i0 .08 1.42 0.08 1.25 0.20 
18:1n-9 20.82 0.55 20.52 0.95 21.12 0.60 20.28 0.57 22.80 1.33 
Total 24.17±0.06 23.68 1.04 24.65 2.34 23.69 0.64 25.90 1.49 
PUFA: 
n-6: 
18:2n-6 32.63 0.58 32.62± 1.04 32.64± 0.58 32.70 0.61 32.37 1.68 
18:3n-6 0.55 0.25 0.28 0.07 0.82 0.49 0.29 0.11 0.51 1.08* 
20:2n-6 0 .37 i0 .09 0.31 0.10 0.45 0.16 0.42±0.11 0.20 0.10 
20:3n-6 1.74 0.26 2.08 0.50 1.40 0.12 1.79 0.32 1.55 0.31 
20:4n-6 7.00 0.42 7.04 0.79 6.97 0.32 6.99 0.51 7.05 0.67 
Total n-6 43.37 0.68 43.39 1.09 43.35 0.86 43.29 0.63 43.66 2.36 
n-3: 
18:3n-3 0.65 0.06 0.62 0.01 0.69 0.08 0.65 0.07 0.66±0.11 
20:5n-3 0 .44 i0 .05 0.39 0.07 0 .49 i0 .08 0.53 0.05 0.12 0.08** 
22:6n-3 4 .96 i0 .35 5.06 0.45 4.86±0.54 5.45 0.33 3 .14 i0 .69* 
Total n-3 6.05 0.38 6.06 0.48 6.04 0.61 6.63 0.36 3.92 0.74** 
Total PUFA 49.42 0.78 49.45 1.36 49.39 0.82 49.92 ±0.80 47.58 2.15 
TFA (mg/ml) 2.23 0.10 2.12 0.16 2.34 0.12 2.19 0.09 2.37±0.33 
# Data presented as m e a n sd, percentage of total serum fatty acids. 




























































































































































































































































































Table 6.4. Correlation between individual serum fatty acid and body fatness. 
Total fat SCF i ^ BM\ W T for H T “ 
~Ui6 ^M0 ^51^ ^57^ ^ 0 ^ 
16:0 0.06 0.14 0.02 0.09 -0.10 
18:0 0.25 0.07 0.10 0.20 0.18 
18:1n-9 0.40* 0.43* 0.26 0.36 0.07 
18:2n-6 -0.20 -0.24 -0.03 -0.19 -0.32 
18:3n-3 -0.03 0.12 0.13 0.04 0.00 
20:4n-6 -0.10 -0.06 -0.14 -0.03 0.08 
20:5n-3 -0.5r* -0.49* -0.56** -0.49** 0.36 
22:6n-3 -0.39* -0.40* -0.25 -0.42* 0.24 
* p<0.05 **p<0.01 ***p<0.001 
V 
100 
Table 6.5. Correlation of each fatty acid with blood lipid profile. 
fC HDL-C ilDL^ TG 
"uiO ^ ^379 ^0^2 ^^ 
16:0 0.19 -0.10 0.26 0.31 
18:0 -0.10 0.00 -0.09 -0.24 
18:1n-9 0.04 -0.38* 0.20 0.56*** 
18:2n-6 0.03 0.32 -0.12 -0.30 
18:3n-3 -0.07 -0.15 -0.05 -0.34 
20:4n-6 -0.12 0.09 -0.17 -0.31 
20:5n-3 0.01 0.16 -0.08 -0.12 
22:6n-3 -0.13 0.30 -0.30 -0.40* 
* p<0.05 ***p<0.001 “ 
V 
101 
Table 6.6. Correlation between body fatness and blood lipids in the 
omnivores children. 
TC TG HDL-C LDUC VLDL-C 
~ m \ ^ 0 ^ 0 ^ -0.52** M 4 0 ^ 
W_HPER -0.07 0.31 -0.50** 0.20 0.31 
SCF -0.18 0.38 -0.57** 0.10 0.38 




Table 7.1. Comparison of serum fatty acid composition of vegetarian children and adults*. 
‘ Adults Children 
(n = 60) (n=21) 
"SR^ 
14:0 - 0.34 0.33 0.57±0.26 
16:0 19.00 2.39 19.90±1.34 
18:0 7.14±0.88 8.05±0.64 
Total SFA 26.47 2.61 28.52 1.75 
MUFA: 
16:1n-7 0.67 0.58 1.06±0.32 
18:1n-9 22.31 ±3.74 20.07±2.41 
TotalMUFA 23.98 3.68 21.13±2.46 
PUFA: 
n-6: 
18:2n-6 38.20 4.14 37.08 3.48 
18:3n-6 0.87±1.19 0.40±0.38 
20:2n-6 0.54± 1.64 0.80±1.90 
20:3n-6 0.96±0.69 1.40 0.24 
20:4n-6 5.25 1.64 5.44 0.95 
22:4n-6 0.03 0.16 0±0 
Total n-6 45.97 ±4.66 45.29 2.99 
n-3: 
18:3n-3 1.65 1.95 1.20±0.65 
20:5n-3 0.22±0.47 0.16±0.26 
22:6n-3 1.68±2.46 2.17±1.17 
Total n-3 3.55 3.28 3.53±1.25 
Total PUFA 49.97 4.64 47.02 0.76 
TFA (mg/ml) 3.90±1.87 1.15 0.13 




Table 7.2. Fatty acid composition in different sex groups of vegetarian children . 
“ “ Total boys giris 
(n=21) 0 } ^ (n=12) 
"SF^ 
14:0 0.57±0.06 0.53±0.07 0.60±0.08 
16:0 19.90i0.29 19.91i0.44 19.89±0.41 
18:0 8.05 0.14 8.13±0.19 8.00 0.21 
Total 28.52 0.38 28.56 0.45 28.49 0.60 
MUFA: 
16:1n-7 1.06±0.07 1.03±0.11 1.09±0.10 
18:1n-9 20.07 ± 0.53 18.94 0.56 20.91 0.75* 
Total 21.13±0.54 19.97±0.58 22.00 0.76 
PUFA: 
n-6: 
18:2n-6 37.08 0.76 37.74±0.88 36.58±1.16 
18:3n-6 0.40±0.08 0.52 0.16 0.32±0.08 
20:2n-6 0.80±0.42 0.27±0.17 1.20±0.71 
20:3n-6 1.40±0.05 1.46 0.11 1.36±0.04 
20:4n-6 5.44 0.21 5.94 0.23 5.07 0.28 
22:4n-6 0.00 0.00 0.00 0.00 0.00 0.00 
22:5n-6 
Totaln-6 45.29±0.56 46.16 0.76 44.96±0.97 
n-3 
18:3n-3 1.20 0.04 0.26±0.03 1.32 0.06 
20:5n-3 0.16±0.06 0.26±0.10 0.08 0.06 
22:6n-3 2.17±0.25 2.36 0.40 2.03 0.34 
Total n-3 3.53 0.27 2.62 0.44 2.11 0.35 
Total PUFA 47.62 0.76 48.78 0.96 46.75 1.08 
TFA (mg/ml) 1.15±0.13 1.14±0.24 1.16±0.15 
*Data expressed as mean ± sd. ~~ 
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Table 7.3. Serum fatty acid composition of Hong Kong Chinese omnivores and 
vegetarians*. 
“ Vegetarians Omnivores 
(n = 60) (n = 133) 
" S ^ 
14:0 0.34 0.33 0.46±0.4r 
16:0 19.00±2.39 17.78 i3.88** 
18:0 7.14±0.88 13.00 ±5.60** 
Total SFA 26.47 2.61 31.29±6.71*** 
MUFA: 
16:1n-7 0.67±0.58 1.03 0.53*** 
18:1n-9 22.31 3.74 18.81±4.45*** 
Total MUFA 23.98 3.68 21.76 4.93** 
PUFA: 
n-6: 
18:2n-6 38.20 4.14 29.51 7.55*** 
18:3n-6 0.87± 1.19 0.52±1.09 
20:2n-6 0.54± 1.64 0.18±0.17 
20:3n-6 0.96±0.69 1.13±0.59 
20:4n-6 5.25 1.64 6.31 2.22*** 
22:4n-6 0.03 0.16 0.38 074*** 
22:4n-6 0.12 0.38 0.17 0.36 
Total n-6 45.97 4.66 38.78 8.55*** 
n-3: 
18:3n-3 1.65 1.95 0.84 0.58*** 
20:5n-3 0.22 0.47 1.25 1.32*** 
22:6n-3 1.68 2.46 3.35 2.24* 
Total n-3 3.55 3.28 5.45 2.27*** 
Total PUFA 49.52 4.64 44.22 9.32*** 
TFA(mg/ml) 3.90± 1.87 3.29±1.21* 
Data presented as mean sd percentage of total serum fatty acids. 
* p<0.05 **p<0.01 ***p<0.001. 
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Table 7.4. Comparison of serum fatty acid composition by genders between vegetarian 
and omnivore adults*. 
Vegetarians Omnivores 
“ Men Women Men Women 
(n=15) (n=45) (n=56) (n=77) 
l 4 i O 0.35 0.35 0.34 ± 0.32 0.53 0.49 0.41 0.34 
16:0 19.17 2.51 18.94±2.37 18.21±3.81 17.46±3.92a 
18:0 7.06 0.57 7.16 0.97 12.02i4.86bbb 13.75±6.04aaa 
Total SFA 26.58 2.99 26.43 2.50 30.77±6.12bbb 31.68i7.15aaa 
16:1n-7 0 .59 i0 .49 0.63 0.72 1.14 0.54&& 1.53i0.75ad 
18:1n-9 23.44 3.98 21.93 3.61 20.33±3.77bb 17.70±4.59aadd 
Total MUFA 25.16 3.53 23.59 3.68 23.59 4.20 20.43±5.0iaaaddd 
18:2n-6 38.13i2 .87 38.22 ±4.51 29.71i5.89bbb 29.36±8.59aaa 
18:3n-6 1.11 1.46 0.79 1.09 0.80 1.53 0.30i0.48aad 
20:2n-6 0.11±0.21 0.69 1.82 0.24 0.18& 0.15±0.15dd 
20:3n-6 0.84±0.64 1 .01 i0 .72 1.19±0.60 1.09 0.59 
20:4n-6 4.55 1.86 5.48 1.52 6.18i1.94bb 6.41±2.4iaa 
22:4n-6 0 .00 i0 .00 0.04 0.19 0.35 0.65^&& 0.41i0.8C)aaa 
22:4n-6 0.00 0.00 0.16±0.44 0.22±0.39bbb 0.14 0.34 
Total n_6 44.72 3.54 46.39 4.95 38.68±7.43bbb 38.85±9.33aaa 
18:3n-3 1.42±0.53 1.73 2.23 0.87i0.4C)bbb 0.83±0.68aaa 
20:5n-3 0 .35 i0 .80 0.17 0.29 1.12±1.05&&6 1.34±1.49aaa 
22:6n-3 1.77 2.32 1.65 2.54 3.30 ±2.17bbb 3.39i2 .30aaa 
Totaln_3 3.53±2.48 3.55 3.54 5.28 2.24& 5.56i2.3Qaaa 
Total PUFA 48.26±3.89 49.94 4.83 43.96i7 .90b 44.42±10.28aaa 
TFA (mg /ml) 3.92 1.18 3.89 1.17 3 .44 i1 .26b 3 .19 i1 .17a 
“Data presented as mean ± sd percentage of total serum fatty acids . 
^ Compare between vegetarian men and omnivore men. ^ p<0.05, ^^p<0.01,^ ^ ^ p<0.001. 
a Compare between vegetarian women and omnivore women. ^ p<0.05, ® ® p<0.01, ^ ® ® p<0.001. 
c Compare between vegetarian men and women. ^ p<0.05. 




Table 7.5. Nutrient intakes in vegetarian and omnivore adults . 
“ Vegetarian Omnivores 
(n = 60) (n = 133) 
Energy (Kcal) ‘ 1835.60 556.15 2148.34l807.78*** 
Carbohydrate (g) 306.45 104.00 275.20 100.53* 
Protein (g) 61.56±21.14 101.51 ±45.06*** 
Fat (g) 44.06 15.20 73.22 33.42*** 
% of energy 
Carbohydrate-Kcal (%) 66.48 6.60 51.84 7.28*** 
Protein-Kcal (%) 13.53 2.93 18.78 3.02*** 
Fat-Kcal (%) 21.78 4.97 30.29 5.21*** 
SFA-Kcal (%) 5.28 1.80 8.15 1.87*** 
MUFA-Kcal (%) 6.47 1.70 10.54 2.37*** 
PUFA-Kcal (%) 6.14 1.64 7.07 1.56 
SFA(g) 10.69±4.51 20.07 10.51*** 
MUFA (g) 13.68 4.85 25.94 13.64*** 
PUFA (g) 12.35 4.20 16.56 6.42*" 
SFA-DF (%) 24.19 5.21 26.83 3.57*** 
MUFA-DF (%) 29.64 3.45 34.67 3.81*** 
PUFA-DF (o/o) 28.33 5.77 23.53 4.32*** 
p/S 1.25 0.44 0.91 0.30*** 
“Data expressed as mean sd 
SFA-DF: percentage of saturated fat in dietary fat (DF). 
MUFA-DF: percentage of monounsaturated fat in dietary fat (DF). 
PUFA-DF: percentage of polyunsaturated fat in dietary fat (DF). 
* p<0.05, **p<0.01 ’ ***p<0.001 • 
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Table 7.6. Comparison of nutrient intake by gender in vegetarian and omnivore adults*. 
‘ vegetarians omnivores 
“ Men Women Men Women 
(n=15) (n=45) (n=56) (n=77) 
Energy (Kcal) 2031.34±431.31 1773.35 ±581.49 2581.06±668.95 1833.62±755.74°""~ 
Carbohydrate 351.05±83.12 291.59±106.79 326.40±77.46 237.96±99.36®^^^^ 
Protein 64.31i16.88 60.64±22.53 122.59l455.41 ^ " 86.18±38.33®®®^^ 
Fat 44.99±14.43 45.76i15.60 88.23i31.72^^^ 62.30±30.42®®®^" 
% of energy 
Carbohydrate-Kcal (%) 69.03t6.53 65.63±6.48 51.34l7.21 ^^^ 52.20l7.34 
Protein-Kcal (%) 12.69±2.19 13.81l3.11 18.71l2.93^^^ 18.82±3.10^®® 
Fat-Kcal (%) 19.91±4.92 22.40i4.89 30.28i5.05^" 30.30l5.37^" 
SFA-Kcal (%) 4.62+1.27 5.50±1.91 8.51+1.78"^ 7.89±1.90"® 
MUFA-Kcal (%) 5.95l1.57 6.64i1.72 10.95i2.21 ^^^ 10.25i2.45^^^ 
PUFA-Kcal (%) 5.73+2.08 6.28±1.47 6.71±1.21 7.33t1.73^^ 
SFA (g) 10.50t3.87 10.75i4.75 25.05i10.25 ^ ^  ^ 16.47t9.91 ^ ® ® ^  ^ ^  
MUFA (g) 13.41i4.59 12.98±4.98 23.07±12.62^^^ 21.49±12.65®®®^^^ 
PUFA (g) 12.8215.01 12.19l3.95 19.18±5.60^^^ 14.56l6.33"^^^^ 
SFA-DF 23.6715.72 24.36±5.08 27.99l2.64^ 27.98±3.92^^®^" 
MUFA-DF 30.1114.77 29.49 2.96 36.01i2.51^^^ 33.70±4.28®®^^^^ 
PUFA-DF 28.25i8.26 28.36±4.79 22.46i4.01 ^ 24.32±4.39®®®^ 
P/S 1.31±0.58 1.23±0.38 0.82i0.23^^ 0.98±0.33"^^^^ 
^ Data expressed as mean sd 
b Compare between vegetarian men and omnivore men. ^  p<0.05, ^^p<0.01, 
bbbp<0.001. 
a Comparebetween vegetarian women and omnivores women. ® p<0.05, ®® p<0.01, 
aaap<0.001. 
c Compare between vegetarian men and women. ^ p<0.05, ^  ^ p<0.01, ^ ^ ^ p<0.001 
d Compare between omnivores men and women. ^ p<0.05, ^  ^ p<0.01, “ d p<0.001 
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Table 7.7. The serum lipid profile of vegetarians and omnivores*. 
vegetarians omnivores 
(n=60) (n=133) 
TC (mmol/L) 4.51±0.74 4.84 ± 0.90*~~ 
TG (mmol/L) 1.13±0.53 1.05±0.58 
LDL-C (mmol/L) 2.80 ±0.70 3.00 0.80* 
HDL-C (mmol/L) 1.20 0.25 1.32 ±0.31* 
LDL-C/HDL-C 2.44 0.83 2.46 0.99 
VLDL-C(mmol/L) 0.51 0.24 0.48 0.42 
ApoA (g/L) 1.45±0.20 1.34±0.21** 
ApoB(g/L) 0.92 0.23 0.89 0.31 
Data expressed as mean sd 














































































































































































































































































































































































































































































































Table 7.9. Correlation between TG OR VLDL-C, HDL-C and fatty acids in vegetarians. 
TG orVLDL-C HDL^ 
Total i ^ Women Total M ^ Women 
(n = 60) (n = 15) (n = 45) (n = 60) (n = 15) (n = 45) 
SFA: 
Total 0.21 0.29 0.20 0.08 -0.22 -0.18 
14:0 0.32* 0.33 0.33* -0.16 -0.26 -0.14 
16:0 0.26* 0.31 0.26 0.02 -0.30 0.11 
18:0 -0.21 -0.14 -0.23 0.26* 0.33 0.24 
MUFA: 
Total 0.33* 0.35 0.46** -0.40** -0.40 -0.38* 
16:1n-7 0.32* 0.08 0.36* 0.18 0.00 -0.24 
18:1n-9 0.24 0.30 0.37* -0.31* -0.31 -0.28 
PUFA: 
Total -0.38** -0.10 -0.46** 0.27* 0.53* 0.19 
18:2n-6 -0.44** -0.56* -0.43** 0.21 0.37* 0.19 
20:4n-6 0 ^ 0.09 -0.12 0.15 0 ^ 0.05 
* p<0.05 **p<0.01 
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Fig 2.1. Lipid metabolism (Figure adapted from Kenneth et al, 1994) 
.. \-\\ 1 
‘ Exccencus , -^"^  — \^  \ I ^ rfA 5 
==,1 ^ _^  - % Qiatar/ .. .+ | L=L , ^_^ l^ L ^ ’ Fats Llcacrccain x , ^^tr^ / \ •^ 5 T 
p j ^ _ _ > > ^ ^ " / ^ ^ - ( ^ / 1 ^ ^ W J I 
,^ : ->r i \ , ._ =afrnar,t 1 =l^E2i^ V ^ / ^ \ 1 
VV^  Lymph ChyiQ r ^ ^ 1 ' _ (lDL) 5 1 
:¾' J ^m ^^Sy \ M. 3 I 
: m t — ^ ^ ^ \ i f \ L L I I 
:: ;.- A \ ‘ ^ 
. : . / ^ ^ " ^ ? 5 : ^ ^ ^ ^ ^ r ^ \ cHT? ® i I 
: . r : : " # \ f . 
- I \ . r .: J ^ ^ 1 / t i 
S V l ^ m ^ \ _ m C Z : : ) ^ / c L - ; I f 
y ^ \ \ H L , ^ 1 5 
. . e ^ i \ / / f c j i l i 
saus \ LCAT / / A v-; ^-^1 :¾ • 
X i \ X /--Penpherafi 1 : 
i ^ / • V-Tissue. - 4 I ... 
K HOL V / i ^ .v:v'- . . i I 
i ^ v ^ ^ i ^ - ^ v "-^ - .:.¾ I f 
i ^ * y c^0lescercl ... ...,..= :..•; J ‘‘ 
I /• g •{ 
"•""" 1 I ^ 










Fig 3.1 Basic arrangment of equipment for GLC. 
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Figure adapted form Lipid Analysis. Hemming et al, 1996. 
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Fig 6.3 Correlation of n-3 fatty acids with total body fat 
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Fig 6.4 Correlation of n-3 fatty acids with subcutanouc fat 
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Appendix: Chromatography analysis results 
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